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‘Multiple Barriers’ Concept
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Watershed protection

- Filtration

Disinfection

Distribution system
Integrity - No Cross-
connections to sewer

Consumption




Things are better — 1900 on

And source water protection

» Lifeexpectancy/hasincreased by 30+
years over the last 100 years.

o \Water treatment, sewerage, safe food -
2/3rds of this increase. Some benefit from
vaccines and antibiotics.

 New medicines, intensive care, etc - little
or no Impact on overall lifespan.




Rule #1. Keep shit out of your
drinking water.
(e.g. have good sour ce water)



The Romans partly got it: they had sewerage



US was a developing country:
death from diarrhea was common
> 10% died before 1 year old
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Tunnels carrying upstate clean water to NYC
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Vaue of Source Water Protection in 1905

e Typhoid rates 1905:

Groundwater
18/100,000 per year

Flowing Water
62/100,000 per year

(now: 0.3/100,000) =%

D. Okun, 1999, National Academy of Sciences



Rule #1. Keep shit out of your
drinking water.

Rule#2. If you can’t keep shit
out of your water, kill the
bacteriain the water.



Filtration and chlorination were
tied to advances In microbiology

8 u £4 w{j b %
FRUMPY VACTORIAN PROF. DEADLY BACTERIUM - 1880




It was
Cleanliness
agalnst
Choleraand
Y ellow Fever




What did chlorination
accomplish 1910-19257

Decreased US cholera by 90%

Decreased UStyphoid by 80%

Decreased US |leptospirosis by 80%
(urine of infected rodents)

Began chronic exposureto low levels
of halogenated chemicalsin DW.




The Bargain Of A Century Ago

e The effectiveness of combined filtration and
chlorination

e In many cities or towns, cheaper to treat
water than to secure a protected source; In
some places, opposite was the case.

* Now times have changed: Water demand
has outstripped population growth: water
was cheap and plentiful — but no more...




Who, What, Wher e, When... the key factors

Place

associated
with

exposure Cl 3% of dysenter Yy

to arisk

factor for _ _
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sewage out ﬁ

River Swill

clean water In
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leukemiarate
10/100,000

3 Townswith river
drinking water....

Pristine
water
supply

leukemiarate
100/100,000

leukemia rateJD
1/100,000 ristine

water

Factories
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e Dilution
e Degradation

e Breakdown of compounds,
biological transformation

.... These processes are dependent
upon having sufficient water to
dilute, time In the environment,
etc. Isthisthe case anymore?



Rule #1. Keegp shit out of your drinking
water.

Rule #2. If you can’t keep shit out of
your water, kill the bacteriain the
water.

Rule #3. Never ever ever stop
Killing whatever i1t isin the water.



o \Wakerton Canada 2000

* People are still dumping
their shit into your water.

 Human pathogens are
excreted by humans, and
drinking human shit isa
great way to get
exposure to the stuff that
will make people sick.




E. coli found in town’s
well water 5-7 times/yr

Shallow wells, downhill
from cattle farms

|dentified by consulting
engineer as problem (78);
Ignored by regional gvt.

Cycle of excess chlorine

followed by use of less
disinfectant when taste
bad, and faked tests

Rare inspections

tratfora™ - Hamnilton . s canard © April 2000 -
e 1 e s
own




Walkerton Deaths and IlIness

e 7/ deaths, 27
HUS* 65
hospitalized

e 2,321 people sick

e 42% of the cases
were unreported







How isthe US different from an
hundred years ago? Or even
thirty?
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Demographics - Population
Density and Aging

e 1900: 76 million in the USA
e 2000: 275 million (US Census)

e 1800: 98% of the world rural
e 2000: 75% of USis urban (crowding)

e 2000: 6.1 billion people in the world
2050: 8 to 12 billion people




Emerging Diseases

|V budding from cell




FIGURE 1. Death rates* from leading causes of death among men aged 25-44 years, by

year — United States, 1982-1992+
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Diahetes

1982 1983 1984 1985 1085 1087 1088 1988 1000 1091 1092

Year

* Per 100,000 population.
+ Mational vital statistics based on underlying cause of death, using final data for 1982-1991 and
provisional data for 1992. Data for liver disease in 1992 are unavailable.




Characteristics of Emerging Diseases;

* Resistance to chlorination / disinfection.
» Resistance to, or no, medical treatment.
e Zoonotic (animal) as well as human spread.
A tiny inoculum can infect anyone.

e Severe clinical disease sometimesonly In
susceptible subpopul ations.







Cryptosporidium

e Resistant to chlorination.

* Present in 95% of surface j
waters (LeChevalier et &) § il —

1993 Milwaukee outbreak: §| g /A4° Bl
403,000 people sick,

> 100 deaths, mostly people
with AIDS, children with
cancer
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L
T Geographic Distribution of Hepatitis E

Outhreak s or Confirmed [Infedion in = 25% of Sporadic Mon-2BC Hepatitis

Hepatitis E Virus

Case-fatality 1-3%  Pregnant Women, 15-25%
Most outbreaks with fecally contaminated water

Severity Increases with Age Virus very smilar to a swine virus



[Il people are living longer

Rheumatoid arthritis, -
on IMMUNOSUPPressives
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Asthma,
on steroids




Who are some of the sensitive?

e People with AIDS
 Infants & young children, pregnant women

* If on chemotherapy / Immuno-suppressive
treatment, on dialysis, have had a transplant

e Thefrail, poorly nourisned, chronically ill
e Substandard care, the poor, limited access

* People with genetic dispositions to specific
diseases or malignancies.



Source water protection |

Environmentally sound

L.owers the cost of water treatment for
drinking water purposes

L owers exposures to chemicals needed in
the disinfection process

No treatment is perfect or 100% secure;
adds an extralayer of safety to the drinking
water supply In case treatment fails



Source water protection |1

 If you can’t completely or reliably remove
an emerging pathogen from drinking water
(e.g. Cryptosporidium) —

» Then keeping it out of the water isagood
public health solution — this prevents
exposure to the pathogen in susceptible as
well as normal populations.



Naegleria fowler|
& Acanthamoeba

Keratitis

In Brain




Rule #1. Keep shit out of your drinking water.
Rule #2. If you can’t keep shit out of
your water, kill the bacteria in the water.

Rule #3. Never ever ever stop killing
whatever it isin the water.

Rule# 4. Whileyou Kill
everything under the sun, leave
absolutely no traces.



Chlorination byproducts & cancer risk

=S Mo SR 0Ol Study ties cancer,
cases of bladder cancer / Kl RTE =]

By JOE MANNING

" " Sentinel staff wr
year due to Chl Orl natl On' B:m:dejz:alw::lt:lege of Wisconsin researcher hasN found “a

significant link” between chlorinated drinking water and thou-
sands of bladder and rectal cancer cases.

. Robert D. Morris, working with researchers from Harvard
) Ore an u I eS University School of Public Health, said 4,200 cases of bladder
cancer and 6,500 cases of rectal cancer could be linked to

chlorination.

. Drinking-water chlorination accounts for 9% of the bladder

wgg a I n W%n cancer cases and 189%, of the rectal cancers, Morris said.
The research suggests that cancers of the bladder and rectum
may occur because both store waste products for periods of

time.
D B PS ar]d adver% Morris said he and colleagues researched 10 scientific papers

dealing with cancer and chlorination of drinking water to reach
-his conclusion.

- " Most of the papers individually failed to show any link, but
repro UC Ive Ou COI I l% when the information was combined, a strong association

between bladder and rectal cancers and exposure to chlorination.

byproducts in drinking water was shown, he said.
- “When combined, you increase your statistical power and find
P the risks are significant,” he said. The study was published in the
ew)n e r July issue of the American Journal of Public Health.
About 75% of the nation’s drinking drinking water is chlori-
nated surface water, such as lakes, reservoirs and rivers.

u Groundwater, especially when drawn from private wells, is
1900: what about now? B

See Water/ 11A




Rule #1. Keep shit out of your drinking water.
Rule #2. If you can’t kegp shit out of your water, kill the bacteriain the water.

Rule #3. Never ever ever stop killing whatever it Is
In the water.

Rule # 4. While you kill everything under the
sun, leave absolutely no traces.

Rule#5. While doing all of the
above, figure out how to remove
naturally occurring and man-made
minerals and synthetic chemicals.



Chemicals / Heavy Metals

| Probability of Arsenic ;u:;: 0.05 mg/| L EAD _ pl Umbl Tm
" - ARSENIC

‘ RADON - lung cancer

URANIUM - cancers

NITRATES - especially for
pregnant women and children <

1 year of age
MERCURY - poisoning
PCBs - cancers, reproductive

PESTICIDES - can be amajor
occupational risk for migrant
and agricultural workers

HORMONE analogs...




EXPLAMATION
I Generally highest arsenic concentrations

[ ] General ly lowest arsenic concentrations
[_1 Insufficient data




Rule #1. Keep shit out of your drinking water.
Rule #2. If you can’t keep shit out of your water, kill the bacteriain the water.

Rule #3. Never ever ever stop killing whatever it isin the water.
Rule # 4. While you kill everything under the sun, leave
absolutely no traces.

Rule #5. While doing all of the above, figure out how to
remove naturally occurring and man-made minerals and
synthetic chemicals.

Rule#6. Do thiswith lesswater
and while using sewage (see #1).



U.S. Drought Monitor ™ayz2z,203
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L0 Abnormalby Dy A= Agricultural ‘ ;
= Asgncu raly crops, pasiures,
" D1 Drougtt—Moderate Jiaeelands)

D2 Drought—Severe H= Hydrological (waten
| _IVe Drought—Etreme #~ Delineates dominant impacts

M 4 Drought—Esceptional (Mo type = both impacts)

The Drought Monitor focuses on broad-scale condifion 5.

Local cond@ions may vary. See accompanying text summary Released Thﬂﬁﬂﬁf Mﬂf 29. 2003

for forecast statements .
http:/idrought.unledu /dm Awthors: Richard HeimiCandace Tanhersley, NOAANCDC




Changing world
demands fresh look

Chanétl ng popul ati on 5
Mere chronicillness ' “‘ __g._. 5
Susceptible populations:
New pthOgenS _

L ess water

Aging i nfrastructure fﬂid o



Big Picture: Key Points

Integration of source water, drinking water,
and wastewater treatment iIs inevitable.
This will Increase, not decrease, risk levels.

 What was good in 1925 won'’t cut it in 2025.
The population is changing, and so is the
environment.

e Source water protection is a key element to
solving the issues before us. Fundamental
public health protection Is at stake.




Novel Research Information
Climate Variability — More ‘ Extreme Events

v

Extreme Events = floods, surges.... Source
waters are contaminated or degraded....

v

Drinking water treatment overwhelmed...

v

Increased Risk for the human population



Cryptosporidium parvum
-concentrations Increase
~ 50 fold with rainstorms
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Naumova et al. The Elderly and Waterborne Cryptosporidium Infection:
Gastroenteritis before and during the 1993 Milwaukee Outbreak.
Emerging Infectious Diseases 9:418-425 2003



